Objective: To determine if it is possible to deliver a one-quarter reduction in the sodium content of bread without detection. Design: Single-blind, randomized, controlled trial. Setting: The Royal North Shore Hospital in Sydney, Australia. Participants: One-hundred and ten volunteers from the hospital staff that completed 94% of scheduled assessments. Intervention: Six consecutive weeks of bread with usual sodium content or six consecutive weeks of bread with cumulating 5% reductions in sodium content each week. Main outcome measure: The proportion of participants reporting a difference in the salt content of the study bread from week to week. Results: The intervention group were no more likely than the control group to report a difference in the salt content of the bread from week to week (P ¼ 0.8). Similarly, there were no differences between randomized groups in the scores for flavour (P ¼ 0.08) or liking of the bread (P ¼ 0.95) over the study follow-up period. However, the saltiness scores recorded on a visual analogue scale did decline in the intervention group compared with the control group (P ¼ 0.01) Conclusions: A one-quarter reduction in the sodium content of white bread can be delivered over a short time period, while maintaining consumer acceptance. Over the long term, and particularly if achieved for multiple foods, a decrease in sodium content of this magnitude would be expected to reduce population levels of blood pressure and the risks of stroke and heart attack.
Introduction
In studies of both populations and individuals, dietary sodium intake is positively and continuously associated with the level of blood pressure (Elliott et al, 1996) . Similar associations of usual blood pressure levels with the risks of major vascular events are well established (MacMahon et al, 1990) and there are substantial data to suggest that sodium intake is an important determinant of the risks of both stroke (Xie et al, 1992) and coronary heart disease (Tuomilehto et al, 2001) . Randomized trials have proven the feasibility and the substantial benefits of drug-based blood pressure lowering strategies (Blood Pressure Lowering Treatment Trialists' Collaboration, 2000) . Trials have also demonstrated the beneficial effects of reduced dietary sodium intake on blood pressure although low salt diets are usually poorly adhered to in the long term (Cutler et al, 1997; Law et al, 1991) . While there remains some uncertainty about the value of low-salt diets for the management of hypertension (Alderman et al, 1998) , there is broad consensus that reduced sodium in the food supply could reduce population blood pressure levels (Selmer et al, 2000) . Dietary sodium restriction would therefore be likely to reduce the risk of cardiovascular disease and even relatively small reductions in dietary sodium intake, if achieved population-wide, might have important effects on the occurrence of stroke and coronary heart disease (Rodgers et al, 2000) .
In high-and middle-income societies, most dietary sodium is obtained from processed foods which often have much sodium added during the manufacturing process (James et al, 1987; Maples et al, 1982) . In many such populations, bread is a leading source of dietary sodium (Greenfield et al, 1984; James et al, 1987) . Reductions in the sodium content of processed foods, such as bread, have been difficult to achieve, because food manufacturers usually perceive the sodium content as vital to the flavour and acceptability of the product (Breslin & Beauchamp, 1997; Salovaara et al, 1982) . However, while sudden, large reductions in salt content may make foods less palatable , small to moderate changes may be less easily detected (Rodgers & Neal, 1999) . Furthermore, sustained reductions in sodium consumption may lead to a preference for a lower salt diet . We report the results of a study designed to determine whether a one-quarter lowering of the sodium content of bread could be delivered to consumers without detection, by making a series of equal cumulative, small reductions in sodium content over a 6 week period.
Methods

Participants
The study was conducted among staff of the Royal North Shore Hospital in Sydney, after review and approval by the chair of the ethics committee of the same institution. All participants provided informed consent. Volunteers were eligible for inclusion if they consumed one or more loaves of sliced white bread each week and were prepared to substitute their usual bread with study bread for 6 consecutive weeks.
Intervention
Participants were randomly assigned to either one week of 100% usual sodium bread followed by 5 weeks of bread in which the sodium content was reduced by 5% (of baseline sodium content) per week (intervention group) or to 6 weeks of 100% usual sodium bread (control group; Figure 1 ). Participants were assigned to intervention or control by selecting sequential numbers from a computer-generated random number list. Participants were not informed of the group to which they were assigned. The sliced white bread for each group was baked and packaged using the same process throughout, with only the quantity of added salt varying for the intervention group (between 2 g salt per 100 g flour (100% usual sodium) and 1.5 g salt per 100 g flour (75% usual sodium)). Depending upon anticipated consumption, up to five loaves of fresh baked bread were provided to each participant per week.
Follow-up and outcome assessment
Participants were seen at baseline and at 6 evenly spaced, follow-up visits over a 6 week period. At the baseline visit the study was explained to the participant and baseline data were collected. In order to maintain blinding, participants were told only that the study was an investigation of the effects of salt on the taste of bread and that the amount of salt in the bread might vary from week to week. At baseline and each of the first five follow-up visits, participants were provided with sufficient bread for 7 days and asked to return the following week. At follow-up visits 2 -6 the primary outcome was assessed by asking participants whether they thought the last week's bread had the same or a different salt content to the bread provided the week before ('definitely the same', 'probably the same', 'unsure', 'probably different', or 'definitely different'). Participants were also asked at every follow-up visit to rate the bread consumed in the previous week for flavour (very weak -very strong) , liking (dislike extremely -like extremely) and saltiness (not at all saltyvery salty), on 100 mm visual analogue scales.
Statistical analysis
The proportion of participants reporting week-to-week differences in the salt content of the bread over the 6 week follow-up period was compared between the two randomized groups using generalized estimating equations (Verbeke & Molenberghs, 2000) . The five possible responses were dichotomised into (1) 'definitely the same', 'probably the same' and 'unsure' and (2) 'definitely different' or 'probably different'. A sensitivity analysis was also performed with the 'unsure' responses assigned to the other group. The scores recorded on the visual analogue scales over the 6 week follow-up were compared between the two groups Reduction in salt content of bread S Girgis et al using mixed models (Diggleman, 1998) . For both types of analysis a compound symmetry covariance structure was identified as most appropriate. The study was estimated to have 90% power (with a ¼ 0.05) to detect approximate 60% relative differences in the proportion of individuals reporting week-to-week differences in the salt content between the randomized groups (assuming that about 50% of the control group reported differences).
Results
One-hundred and ten volunteers from the hospital staff (79% female) of mean age 39 y (range 22 -62) who consumed an average of 25 slices of bread each week participated in the study. The randomized groups were balanced in terms of age, sex and key baseline characteristics relating to usual bread and spread use (Table 1) . Ninety-one (83%) participants attended all study visits and overall 723 (94%) of the 770 scheduled assessments were completed. There was no difference between randomized groups in the number of participants that attended all study visits, and there were no differences in the baseline characteristics of the participants that did, and the participants that did not, attend all study visits (all P > 0.05).
Participants in the intervention group who received bread with a progressively lower sodium content were no more likely than the control group, who received bread with the same sodium content throughout, to report a difference in salt content from week to week (P ¼ 0.8; Figure 2 ). This finding was the same whether the participants who responded as 'unsure' were grouped with those who believed the bread to be the same or with those who believed the bread to be different.
The scores on the visual analogue scales for flavour and liking of the bread did not differ significantly between the two randomized groups during the 6 week follow-up period (P ¼ 0.08 and P ¼ 0.95, respectively). However, over the same period, there was a significant trend towards progressively lower scores for saltiness in the group that received bread with a declining sodium content compared to the group that received bread with the same sodium content (P ¼ 0.01; Figure 3 ).
Discussion
This study demonstrates that a one-quarter reduction in the sodium content of sliced white bread can be delivered largely unnoticed, by making the reduction as a cumulative series of small decreases in the sodium added at the time of baking. The reduction was achieved without clearly affecting the participants' perception of the flavour strength of the bread, or their liking of the bread, and might therefore be appropriate for widespread implementation in the population.
While the week-to-week differences in sodium content were not overtly detectable and there were no recorded differences in the ratings for flavour or liking of the bread, analyses of the ratings for saltiness did reveal a trend towards progressively lower scoring in the intervention group compared with the control group. The apparent discrepancy between the findings for the question about week-to-week differences in salt content and the ratings of saltiness made at each visit most likely reflect the greater statistical power afforded by analyses based upon multiple measures of saltiness made on visual analogue scales over time. However, while the analyses of the visual analogue scales demonstrated a statistically significant decrease in the mean saltiness scores over time, the practical significance of this finding is less certain. The week-to-week questioning about saltiness is likely to be a better reflection of the actual consumer experience associated with the implementation of any such sodium reduction strategy.
Since the study was randomized and adherence to the study intervention and follow-up regimen was good, the Figure 2 Percentage of participants reporting the bread as different to the prior weeks bread, at each week of follow-up, by randomized group. Points represent the percent reporting the bread to be different. Trend lines have been added.
Reduction in salt content of bread S Girgis et al results of this study are very unlikely to be seriously biased. However, the number of participants was relatively few, the results were not especially precise and small differences between groups, in terms of the primary outcome, may have been missed. In addition, since the study population was not representative of the overall Australian population, the generalizability of the study results is somewhat uncertain. That said, there is no clear rationale for expecting that the majority of Australians would respond very differently to the individuals that participated in this study and it is likely that the findings in this study would be broadly representative of those of other population groups.
A sodium-reduction strategy based upon a cumulative series of small reductions has been clearly demonstrated as a practical means of reducing the sodium content of bread while maintaining consumer acceptance of the product. A similar strategy may be a feasible means of lowering the sodium content of other foods and could be a mechanism suitable for widespread use by the food manufacturing industry, with or without government enforcement. Over the long term, and particularly if achieved for multiple foods, a decrease in sodium content of this magnitude would be expected to reduce population levels of blood pressure and the risks of stroke and heart attack (Law et al, 1991; Rodgers et al, 2000) . Since cardiovascular disease is a leading cause of morbidity and mortality worldwide (Murray & Lopez, 1997) , even relatively small reductions in mean population sodium intake should prevent very large numbers of premature strokes and heart attacks.
